INTRODUCTION
Thin layers of hydrogenated amorphous silicon (a-Si:H) with thickness 0.5-1 pm have found extensive application in solar cells and in thin film transistors (TFT). A well known application of thick > 30 pm layers of a-Si:H is to electrophotography devices. In all these devices the usual configuration is that of a p-i-n diode with very thin (50nm) p+ and n+ doped layers and the bulk consisting of intrinsic a-Si:H. As shown in Fig. 1 , for radiation detection we use the same general configuration of a reverse biased p-i-n diode. In many of the applications that are used in physics, medical imaging and biology, the spatial distribution of the incident radiation is important: hence we use pixel or strip configurations with appropriately shaped metallic contacts. In some applications single particles are detected; the detector array then requires individual, low noise polysilicon TFT amplifiers attached to each pixel. Other applications are to radiation flux detection: for these, simple routing electronics may be sufficient.
Charged particle detection -specifically minimum ionizing particles (MIPS) can be accomplished by use of p-i-n diodes with thick i layers in which the charged particle can produce a sufficient number of electron-hole pairs by direct interaction in the depleted i layer. An alternative scheme for MIPS detection is to use pixelktrip arrays of thin a-Si:H diode layers with transparent metallic or tin oxide contacts which function as visible photon sensors. These are coupled to layers of light emitting (scintillator) material, such as cesium iodide. For the detection of x-rays or y rays of energy above a few KeV, the scintillator -a-Si:H combination is favored due to the low interaction probability of the radiation with a low z element such as silicon. For detection of x-rays in x-ray crystallography applications (Ey=8 KeV), it is also possible to use moderately thick layers of aSi:H 90% a-Ge:H (20%) where the germanium is the high z element contributing to the interaction. 
Deposition techniques for a-Si:H p-i-n detector diodes
The properties of the detector diodes are determined to a large extent by their structure and their electrical and mechanical properties which are dependent on the deposition technique.
All of our detectors are operated as reverse biased p-i-n diodes, made in a PECVD machine operating at 85 MHz. The n+ layer -50nm thick is deposited on a chromium or tin oxide semi transparent contact on 7059 glass or on Kapton.
The i layer is -1-5 pm thick for photodiodes and 30-50 pm thick for charged particle detection. A p+ layer -25 nm thick is used for photodiode applications in order not to absorb too much light. A p+ layer -300-400 nm thick is used for the 30-50 pm thick diodes to produce a greater space between the metal and the p-i interface where the E field is largest. A chromium or tin oxide transparent layer is deposited on top. As discussed in the following section a density of dangling bonds< 2x1015 is required for full depletion of layers > 30pm thick. Table 1 below gives the deposition conditions of the i layer. Using pure silane as the deposition gas for the i layer is satisfactory for the photodiode ( i layer -1-5 pm )
case. For making thick layers it is necessary to reduce the stress in the deposited layer to prevent peeling off. The material as deposited under the conditions of process.
An added advantage of the Helium dilution deposited material is that the deposition rate is -3-4pm/hour.(2)
DETECTION OF CHARGED PARTICLES WITH THICK P-I-N DIODES
A reverse biased diode with a thick i layer requires use of a-Si:H with a low density of dangling bonds (< 2 x 1015/cm3) for the following reasons: (a) The mean free path of electrons and holes is d=yzE where p, 2 , are the mobilities and lifetimes of the electrons or holes and E = the electric field of the external bias;
therefore a large value of pz, is desirable since pzNd = 2.5~108 in i layers made using pure silane gas(3). dangling bonds Nd* and bias voltages. Another difficulty in making thick p-i-n layers was that in the conventional deposition technique, the a-Si:H was produced with a high stress which tended to cause it to peel off the substrate. The helium diluted deposition technique described in the previous section solves this problem.
An important quantity in evaluating the interaction of charged particles with an aSi:H p-i-n diode is W = average energy used in producing i e, h pair. We measured W using an 860 MeV alpha particle beam -essentially MIPS (1 0) and found W = 4.8k 0.3 eV. This corresponds to a production rate by MIPS of -80 e, h pairslpm of a-Si:H. The noise produced in a reverse biased p-i-n detector together with that of a typical readout amplifier should be small. In Fig. 4 we show the noise in a 26 ,urn diode as a function of reverse bias, measured by a charge sensitive amplifier with a 2.5 p e c CR-(RC)2 shaping time. The flat portion of the noise graph, at low biases, is the sum of (a) the amplifier noise when loaded by the capacity of the detector, and a mostly resistive (Nyquist) noise generated by the contact resistance, and the p layer resistance. The noise contribution of the p layer resistance can be reduced by annealing (-2 hours at 18OoC) under bias (9) At higher biases when the reverse current increases, the contributing shot noise -which has a flat frequency spectrum and is proportional to the current 'is observed. At still higher biases with larger reverse current, l/f noise, which has the l / f spectral response and is proportional to 12 becomes the predominant contribution. All of these noise components are proportional to the area of a pixel detector (1 0). an x-ray beam incident through a 25pm aperture and measured by a linear detector array is shown in Fig.7 . The better columnar structure produced by the patterned substrate compared to the thermally induced pattern produces point spread functions which are 2-3 narrower than those from the plain substrate. Another quantity of interest is the resistance of the device to radiation. As noted previously, the a-Si:H diodes and TFT are very radiation resistant. CsI(Tl) crystals are considerably more susceptible to radiation damage. In general it has been shown that the main loss is due to decrease of light transmission through the bulk of a crystal. We confirmed this by measuring the signal decrease for a lcm3 Csl(Tl) crystal and an evaporated layer 200 pm thick and we show that the thin. layer has a radiation than the crystal (14) .
resistance -1 00 higher Alternative readout methods involve a single diode connected to each element Fig.(8b) , or two diodes as shown in Fig.(8c)(l6) . The two diode readout is faster and has a larger dynamic range than the single diode scheme; it also minimizes switching transients. Diode readouts have the following advantage compared to TFT (a) they require less production masks (b) by not needing a Si02 or Si3N4 insulator they minimize radiation damage problems. CMOS amplifiers can be made using polysilicon TFT since both electron and hole mobilities are comparable and much higher than the corresponding ones for a-Si:H TFT as show in Table II . deduce that -40,000 visible light photons were collected using a correction (18) to convert the Csl(TI) light spectrum distribution to the full range of visible light. which are p emitting isotopes with energies of 18KeV, 1.7MeV and 167KeV
THIN FILM TRANSISTOR (TFT) READOUTS FOR PIXEL ARRAYS
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respectively. A pixel array with elements 100X100pm in size using either of the two schemes thick a-Si:H or thin photodiodes with a Csl(TI) scintillator layer 400pm thick can be used to map the distributions. For the P32 and S35 using the high energy portion of the spectrum, it is possible to count individual events.
A a-Si:H layer can store charge for a few minutes and the integrated flux, if it is adequate above amplifier and system noise can be recorded (20) for the H3. 
SUMMARY AND CONCLUSIONS
At present both the thick diode arrays and the thin photodiode/scintillator layer are capable of detecting MIPS for particle and nuclear physics. The thick a-Si:H diodes which can now be produced with sufficiently low mechanical stress have the relative advantage that their radiation resistance in high neutron and charged particle environments is higher than the Csl(TI) scintillator. Both are equally satisfactory for radionuclide chromatography. Neutron crystallography can be done with gadolinium/a-Si:H pixel arrays. y -ray crystallography can be done with moderately thick -20pm a-Si:H/a-Ge:H detectors.
Real time imaging of X-ray distributions in medicine (digital radiography) is done best with the columnar Csl(Tl)/a-Si:H pixel arrays. Satisfactory readout of pixel arrays can be done with a-Si:H TFT switches, or with one or two diode/pixel readout schemes. Polysilicon charge sensitive amplifiers are available for single event readout. However since they require multi layer deposition technology their implementation will occur at a later time.
